INTRODUCTION
Poxviruses are the largest double-stranded DNA viruses which replicate in the cytoplasm of host cells. The human-pathogeneic poxviruses belong to several genera: orthopoxvirus, parapoxvirus, yatapoxvirus, camelpox virus, molluscipoxvirus, etc. [1] .
Cowpox virus belongs to genera orthopoxvirus -a heterogeneous group of viruses that infect a broad spectrum of wild rodents and domestic animals, but seem to be restricted to the Old World [2, 3] .
Human cowpox is a relatively rare zoonotic infection. The largest case review is based on 54 cases investigated from 1969-1993 [4] . Smaller outbreaks have been reported after turn of the century from France and Germany caused by transmission from pets [5] [6] [7] .
Human cowpox can be acquired by implantation of a virus into injured skin after contact with infected animals, mostly cats or rats. The sero-prevalence among cats has been calculated between 2% to 4% [4, 8] . Small rodents, such as voles and mice, are considered a natural reservoir. No transmission between humans has been reported so far [1] [2] [3] .
The incubation period lasts 8-12 days. In immunocompetent humans, cowpox remains a localized skin disease with or without local lymphadenopathy. The lesions start as erythematous macules developing into papules and seropapules, followed by ulcerated plaques with eschar formation. Healing is delayed and often accompanied by scar formation and takes several weeks [4] .
More severe courses have been described in patients with atopic dermatitis [9] , Darier's disease [10] , and systemic corticosteroid therapy [4] . Fatal infections were reported in a patient with atopic dermatitis and allergic bronchial asthma who was receiving systemic steroids at the time of infection [11] and in a 17-year-old boy after kidney transplantation [12] . Most of the reported cases occurred among children and adolescents [4] .
Hands and fingers and hands are most commonly affected, followed by face and neck [4] . There are also documented cases of complicated eyelid involvement and bilateral pneumonia from Finland and Germany [6, 13] .
CASE REPORT
A 19-year-old woman presented with painful ulcerated lesions on face, conjunctiva and lower arm. There was a painful lymphadenopathy as well. She had fever and general malaise. Her medical history was unremarkable. She had not medications.
On examination, we observed inflammatory plaques with a central depressed ulceration, minor oozing and raised, sharp borders above the left mandible and on the flexural left lower arm, surrounded by erythema with a maximum diameter of 7 cm. A similar lesion was observed on the conjunctiva of the left lower lid. A single seropapule was noted on the left cheek. Regional lymph nodes on the neck were swollen and painful on pressure (Figs. 1a -d).
The working diagnosis was oculo-cutaneous tularemia.
Laboratory investigations demonstrated an increased blood sedimentation rate of 30 mm/h (normal range <20), C-reactive protein of 82.6 mg/l (< 5), 1,334/μl erythrocytes in urine (<15). Serological tests for herpes, tularemia, leptospirosis, and listeriosis were negative. Microbial swabs from the ulcerated lesions remained negative in culture.
A diagnostic skin biopsy was performed from a lesion on the lower arm, formalin-fixed and stained with hematoxylin-eosin, Giemsa stain, periodic acid-Schiff reaction (PAS), and Prussian blue reaction.
Histologic examination demonstrated deep seated hemorrhagic necrosis and necrotic hair follicles. Epidermal acanthosis was noted around the ulcer. Here, ballooning degeneration of keratinocytes and hair follicle epithelium, necrotic keratinocytes and basophilic cytoplasmatic inclusion (Guarnieri) bodies were observed. Within dermis and subcutis, a dense lymphocytic infiltrate with some neutrophilic and esosinophilic granulocytes and individual mast cells was present. Giant cells of Touton-and foreign body-type were occasionally noted (Fig. 2 ).
Oral antibiosis with sultamicillin 3 x 1.5 g/d and doxycycline 2 x 100 mg/d initiated under the suspicion of tularemia was ineffective and ulcers enlarged. The lymphadenopathy was persistent (Fig. 1c) . The patient developed a maculo-papular exanthema 2 weeks later, that was treated by topical betamethasone ointment and oral levocetericine 2 x 5 mg/d.
After repeated questioning, it became clear that she had 3 pet rats at home suspicious of mite infestation, one of them died. She remembered rat bites in her fingers.
The rat was later presented to veterinary medicine where foot pad lesions were noted comparable with cowpox infection. It became clear that the mite infestation was a misdiagnosis.
The diagnosis of a human cowpox virus infection transmitted by a pet rat was confirmed.
The patient was treated by good ulcer care for open wounds. The lesions eventually healed by scarring after eight weeks. There was no relapse during follow-up of 8 years.
DISCUSSION
Tularemia was the first suspicion in our young patient with oculo-cutaneous lesions combined with lymphadenopathy. Tularemia is caused by gram-negative coccobacillus Francisella tularensis and re-emerged in Germany in 2004. F. tularensis had been identified in yellow-necked field mice (2.9%), bank voles (4.5%), common voles (8.0%), field voles (10.0%), and water voles (15.0%) [14] . The clinical presentation is highly variable. The diagnosis was excluded later based on exposure to pet cowpox infected rats, histopathology, and clinical course.
Cowpox virus has relatively low pathogenicity for humans but has a wide range of sensitive animal hosts. Human cowpox is a rare sporadic disease, which develops when the virus is transmitted from an infected animal to humans. This disease is mainly recorded in Europe [1] .
Pet dog and cat populations have substantially increased in the developed world and it is estimated that dogs and cats are present in more than 50% of households in the USA and Europe [15] . In a study on feline cowpox infection, a remarkable genetic heterogeneity of genetic virus variants was reported that translates also into variable virulence [16] .
Pet rats have become popular domestic animals. Their claws may produce scratches and punctures, unnoticed by the owner and thereby inoculate the cowpox virus. Infected rats like cats most frequently develop ulcers on the legs, toes, footpads, faces, and ears [7, 17] . In the present case, several finger bites by pet rats were remembered by the patient.
There have been several reports on outbreaks of cowpox virus infections in humans transmitted from pet rats in Germany and France. There is a report about 4 patients with cowpox infections form pet rats in 2008 and 2009 from France. Affection of skin, eyes and mucous membranes with coughing, lymphadenopathy, fever and general malaise were observed [5] . In 2008, in the region of Krefeld, Germany, six patients were affected with one case of severe eye involvement and another case with pulmonary infections [6] . In 2009, an outbreak of ulcero-cutaneous cowpox was reported in greater Munich area, Germany, with five affected patients who had bought rats form the same litter [18] . In 2011, eight patients were affected in Munich, Germany [7] . Most patients developed seropapules, some ulcerated plaques with or without lymphadenopathy. In the same year four cases have been reported from France with ulcero-cutaneous lesions [19] .
Neurogenic inflammation is a possible symptom of persistent cowpox infection [20] . Severe ear chondritis developed from cowpox transmitted from a pet rat [21] . Generalized cowpox infection has been described in HIV-positive patients [22] .
The differential diagnosis comprises a broad range of infectious diseases: bacterial (atypical mycobacteriosis, cat scratch disease, ecthyma, pyodermia, ulcerocutaneous tularemia, cutaneous anthrax, rickettsial infections, actinomycosis, syphilis maligna), fungal (sporotrichiosis, blastomycosis), viral (smallpox, monkeypox, herpes simplex, varicella zoster infections, milker's nodules, orf). An initial skin lesion can resemble drug eruption, insect bite or pyoderma gangrenosum. For biosafety reasons, a prompt diagnosis is essential in multifocal cases resembling smallpox [4] .
Laboratory methods to detect cowpox virus include electron microscopy tungstic acid-stained native material, real-time polymerase chain reaction (PCR) and semi-nested PCR. Serological tests are indirect methods. For interpretation, vaccination against smallpox with vaccinia virus must be considered [23] [24] [25] .
The treatment of the mostly self-limiting illness is symptomatic by wound care. Surgical interventions may prolong the healing process. Antibiotic treatment is required only in patients with a bacterial superinfection [6] .
Steroids are contraindicated and may exacerbate the disease. The use of antiviral treatment with cidofovir or anti-vaccinial-hyperimmunoglobulin is discussed controversial. These options should be reserved for very severe disease courses and personal at high risk of infection. The use of antiviral drugs in human cowpox is off-label [26, 27] .
Key messages
• Cowpox is an orthopoxvirus disease of emerging importance.
• Small rodents are the natural reservoir of cowpox virus.
• Pets like cats and rats are major transmitters of cowpox from animal to humans.
• In most cases the disease is self-limited but fatal cases have been observed in immunosuppressed patients.
Consent
The examination of the patient was conducted according to the Declaration of Helsinki principles.
